Mitochondrial hexokinase II promotes neuronal survival and acts downstream of glycogen synthase kinase-3.
Mitochondrial alterations are detected in most neurodegenerative disorders and may contribute to the dysfunction and demise of neuronal cells. Because glycogen synthase kinase-3 (GSK-3) is considered to be a critical factor in regulating neuronal cell survival and death, we studied the effects of modulating GSK-3 activity in cultured neurons treated with the mitochondrial inhibitor, rotenone. Interestingly, chronic inhibition of GSK-3 protects against rotenone-induced apoptosis in cultured neuronal cells. In an attempt to elucidate the molecular mechanisms underlying this neuroprotection, we demonstrated that chronic inhibition of GSK-3 reprograms the metabolism of neuronal cells, leading to an enhancement of glycolysis. This effect was accompanied by the induction and accumulation of hexokinase II (HKII) in the mitochondria. Interfering with either the mitochondrial binding of HKII or HKII expression significantly diminished the neuroprotection evoked by GSK-3 inhibition, and importantly, HKII overexpression is sufficient to protect against rotenone-induced cell death. Thus, mitochondrial HKII is a promoter of neuronal survival under the regulation of GSK-3. Furthermore, the neuroprotective effect of HKII may be relevant to neurodegenerative diseases in which glucose hypometabolism and mitochondrial dysfunction are prominent features.